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Abstract: Wind Energy is a useful resource for Renewable energy purpose. Wind speed plays a vital role for wind energy 
calculation of certain location. So, it is very much necessary to know the wind speed data characteristics. In this paper 
fourier and wavelet transform are applied to study the wind speed data. We have compared wind speed of winter with 
summer by taking their speed into account using various discrete wavelets namely Haar and Daubechies-4 (Db-4). Also 
the periodicity of wind speed is checked using Continuous Wavelet Transform (MCWT) like Morlet. Thereafter a 
comparative study is done for detecting the periodicity of both summer and winter. Then wavelet coherence is checked 
between these two data for extracting the phase coherency information.  
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1. Introduction 
Wind is a principal component of our nature. Currently it is being used as a renewable source of energy. So, it is very essential to 
know the characteristics of wind data. For the characterization of the Wind speed and Wind energy, the role of mathematical tools 
is inevitable. The utility of the Hilbert Transform is shown for the low wind speed [1]. Mukhopadhyay et al., introduced the 
optimized DHT-RBF based analysis for Wind power forecasting purpose [2]. The discrete Hilbert Transform (DHT) has been 
used as a minimum phase type filter for characterizing the wind speed data by Mukhopadhyay et al.,[3].  Panigrahi et al., 
introduced wavelet in weather related application [5]. Mukhopadhyay et al., analysed the wind speed data of summer of Eastern 
region of India by the continuous wavelet transform and multifractality [6].  Liu et al., used wavelet transform based  analysis in 
the field of Ocean technology field [8].He et al., used wavelet transform for analyzing the wind data in Dongting lake cable stayed 
bridge Region [8]. Wind data simulation of Saudi Arabia region was done by wavelet transform [9]. Mukhopadhyay et al., 
introduced s transform for the wind speed data analysis purpose [11].   
2.Details of Wind Speed data pattern 
We have taken the experimental wind speed data of East Midnapore district of west Bengal. We observed the wind speed very 
carefully and cautiously using anemometer. First we took the daily wind speed of December-January (2010-2011) (fig 1.(a)), in 
the winter season and then we observed the summer wind speed during April-may (2011)(fig 1.(b)).  
  
                        Fig 1(a): Winter wind speed                                                          Fig 1(b): Summer Wind Speed  
 
From the data statistics of both the seasons we see that comparatively in the winter season the wind speed is higher. We also 
observed during our experiment that the difference between the wind speed of this two season is much more higher than the other 
seasonal speed differences, which in a way explains the opposite seasonal weather conditions.  
3.Results and Discussions
At first Fast Fourier Transform (FFT) has been applied for summer and winter wind data to observe the Fourier coefficients and 
their distribution in Fourier plane (Fig 2(a, b)). 
 
Fig 2: Fourier coefficients distribution plot for summer (left) and winter (right) wind speed data 
From the comparison of above two figures it is clear that for winter case the Fourier coefficients are more concentrated than 
Fourier coefficients of summer wind data. But in case of summer, the fourier coefficients are more scattered. It actually predicts 
the agility of the wind particles in summer due to rapid convection process. In case of winter these convection processes are very 
less due to low convection process. To know the periodicity of wind speed data, Periodogram plots are done, i.e., the frequency 
plot of Fourier power which is the sum of square of absolute values of Fourier coefficients as shown below. 
 
                   Fig 3(a): Periodogram of Summer wind speed Data             Fig3(b): Periodogram plot of winter wind speed data 
 
From the above plots Fourier power peaks are observed with their corresponding frequencies. By inverting this frequency 
corresponding to maximum power, the periodicity can be approximated as 20 days for summer and 15 days for winter.   
Now, to have a close look at the periodicity peaks, wavelet transform is introduced for the analysis purpose. Due to the presence 
of the scaling function, zooming operation can easily be done here which provide us some distinct features about summer and 
winter wind data. 
 
The first and simplest wavelet to be introduced is HAAR which is nothing but a step function satisfying the wavelet conditions. 
This is a discontinuous wavelet and same as Daubechies-1, i.e., db1.  At first the simple HAAR wavelet is chosen to study and 
differentiate the summer wind speed from winter wind speed. So both of the data are decomposed by HAAR wavelet up to 5th 
level using ‘WAVEMENU’ interface in MATLAB command prompt and plotted them. 
 Fig 4a: Screen print of HAAR decomposition of Summer and Winter (right) wind speed data 
 
Fig 4b: Screen print of HAAR decomposition of Winter wind speed data 
From above figure, it is clear that after 5
th
 level decomposition the nature of summer and winter wind speed data clearly explains 
the seasonal weather difference and proves greater correlation of wind speed with weather. Therefore by HAAR transform, the 
summer wind data is clearly distinguished from winter wind data. 
Next Morlet Continuous Wavelet Transform (CWT) is applied to get the periodicity in wind speed by taking both summer and 
winter wind speed data into account separately.  
 
  
Fig 5: 3Dplot of CWT coefficients of summer (left) and winter (right) data 
The CWT coefficient power distribution along different scales is shown by the 3D plots. In summer data periodic peaks are more 
than in case of winter wind data at higher scale region. At low scale periodic peaks are very low for both of the summer and 
winter wind data case.
The Scalograms are plotted to get better idea on scales corresponding to maximum energy or in other terms Scalograms represent 
percent of energy for each CWT coefficients. This is the 2D plot of the above Fig-5.  
 
               Fig 6(a). Scalogram of summer wind speed data                                               Fig 6(b). Scalogram of winter wind speed data 
The red colour region in both the figures shows the area where maximum energy is concentrated and can be understood from the 
scale shown in both of the above figures. From these scalogram plots,  scales 4, 9 and 32 are observed for winter data whereas 
scales as 4,9,19 and 34 for summer data. 
The cross examination is done for the two CWT decomposed time series to understand the localized similarity in time and scale 
axis. In the time-frequency plane this two time series showed common power and consistent phase behavior indicating a 
relationship between them. To understand the similarity and difference between summer and winter wind speed where Complex 
Gaussian wavelet (‘cgau2’) is used for the clarification of   indicated the phase and modulus coherence between these two.  
The wavelet spectrum, defined for each signal, is characterized by the modulus and the phase of the CWT obtained using the 
complex-valued wavelet. The magnitude of the wavelet cross spectrum can be interpreted as the absolute value of the local 
covariance between the two time series in the time-scale plane. 
 Fig7: Phase coherence of summer and winter time series 
The arrows in the figure represent the relative phase between the two signals as a function of scale and position. The relative 
phase information is obtained from the smoothed estimate of the wavelet cross spectrum. The plot of the relative phases is 
superimposed on the wavelet coherence. The relative phase information produces a local measure of the delay between the two 
time series. Also the Cone of Influence (COI) can be clearly seen in the above figure. The cone consists of blue and red region 
showing complete out of phase relation between the two time series as indicated by the scale below the figure. This out of phase 
relation is understandable as the two time series are in opposite weather condition, i.e., one in summer and other in winter. So 
again the dependency of wind speed on season can be explained by this. 
Conclusion 
Here the comparison is made between the summer and winter wind speed to study their properties through various signal 
processing techniques. Using Fourier analysis the comparison is done for both the time series taking Fourier coefficients into 
account. Then the HAAR wavelet decomposition is used for clear distinction between these two seasonal data. Morlet wavelet is 
used to study the continuous nature of wind speed and by this the periodicity of wind speed is also found. At last Complex 
Gaussian wavelet is used to study time-frequency localization between summer and winter wind speed data and also to find out 
phase-modulus coherence between them. The seasonal behaviour of wind speed data of summer and winter is completely out of 
phase. Authors hope that the current study of the dynamics of summer and winter wind data will help the researchers move this 
field forward.    
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